The main reason for this is that the self-mixing approach embodies simplifications in circuitry for the entire receiver system. Schottky barrier and other rectifier diodes suffer from the disadvantage of having a separate local oscillator and low burnout power limit.
Bulk-effect Gunn self-oscillating mixers offer less sensitivity at 60 GHz, but have the 'attractive alternative of a high-power handling capability. In conventional mixers, there usually exists a signal frequency, mixer diodes of rectifier type and a separate local oscillator.
In the self-oscillating mixer, the mixer diode is eliminated. The Gunn diode will serve both as a local oscillator, and because nonlinearities are always" present in an oscillator, as a mixing element. With the Gunn diode oscillator serving both these functions, the integrated receiver front-end design using the dielectric image guide approach becomes extremely compact and simplified. In the latter arrangement, the signal is fed directly into the oscillator and a suitable IF probe will remove the IF power for use in subsequent amplifier stages. One of the objectives of this paper was the design of self-oscillating mixers with considerable simplifications, and hence, reduction in cost. In the quest ,for lower cost, the image guide technology was applied using a Gunn diode in a simply constructed dielectric. cavity. The InP Gunn diode was imbedded in an aperture which was cut in a high resistivity aluminum oxide (Al iO~) ceramic wavegujde. introduced. Fig. 2 shows a more detailed cutaway view of the device investigated. As can be seen, the signal power propagates down the dielectric from the left with the IF output being extracted out the top of the image guide. A metal disk is being utilized as a tuning element for the Gunn diode. Fig. 3 shows an exploded view of the 60-GHz image waveguide self-oscillating mixer which utilizes a tunable short to optimize performance. The metal housing was designed to support the biasing structure and the dimensions were such that it just covered the immediate area of the Gunn diode. The dielectric waveguide was exposed for most of its length, and experiments were not made on the unit without the dielectric. The Gunn diode is mounted flush with the bottom of the metal structure. The Al~0~image waveguide with tapered front end was bonded to the metal housing, using a modified silver conductive adhesive, in such a way that the Gunn diode top protruded up into the dielectric. was set equal to the noise level. At this point, the signal level is equal to the noise level and this signal power is defined as the minimum detectable signal measured in decibels referred to 1.0 mW (dBm). Fig. 7 shows the minimum detectable signal in a 1OO-MHZ bandpass as a function of bias voltage. As can be seen, the InP Gunn diodes MDS varies from -79 to -55 dBm as the bias voltage is varied from 7.3 to 8.1 V. The MDS and conver- These characteristics make the image waveguide self-mixing oscillator, a viable device in low-cost receivers, expendable EW sensors, and short range terminal guidance. In addition, when compared with GaAs Gunn diodes, the InP self-mixing device has greater potential in the higher millimeter-wave frequency region (above 100 GHz) due to InP having a higher effective transit velocity and fast intervalley scattering [6] , [7] .
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